Searches for New Physics in Multijet Final States by Vuosalo, Carl
EPJ Web of Conferences will be set by the publisher
DOI: will be set by the publisher
c© Owned by the authors, published by EDP Sciences, 2018
Searches for New Physics in Multijet Final States
Carl Vuosalo1on behalf of the CMS Collaboration
1The Ohio State University
Abstract. A variety of new physics models predict heavy resonances that decay to multiple hadronic jets. These
models include axigluons, colorons, diquarks, excited quarks, Randall-Sundrum gravitons, string resonances,
and Z’ models, among others. Other models make the prediction that high-pT jets will be suppressed, resulting
in jet extinction. Using the data collected in 2012 at a center-of-mass energy of 8 TeV, the CMS Collaboration
has made a baseline inclusive jet cross section measurement for comparison with new-physics searches, and
then performed searches for jet extinction and resonances that decay to two hadronic jets. The results of these
searches will be presented. No evidence of new physics has been observed, and these results set new limits on
the parameters of these models.
1 Introduction
A major goal of the Compact Muon Solenoid (CMS) ex-
periment [1] at the Large Hadron Collider (LHC) is the
discovery of new physics (NP) beyond the standard model
(SM). Many NP theoretical models predict jet extinction
or production of resonances that decay to paired jets. Dur-
ing 2012, the CMS detector recorded 19.6 fb−1 of pp data
at a center-of-mass energy of 8 TeV. Several CMS analyses
have exploited this rich data set to make a measurement of
the inclusive jet cross section and to search for these NP
signals.
2 Measurement of Differential Inclusive
Jet Cross Sections
The inclusive jet cross section provides an important base-
line for comparison with new-physics models. Addition-
ally, the measurement provides a method of assessment of
Quantum Chromodynamic (QCD) calculation frameworks
and parton distribution functions (PDFs) used with those
frameworks. CMS has performed the measurement of the
double-differential inclusive jet cross section in terms of
pT and rapidity by using 10.7 fb−1 of the 2012 8 TeV pp
dataset [2]. The measurement uses six, staggered triggers
to cover a pT range from 74–2500 GeV and a range of
parton momentum fraction x from 0.019–0.625. The data
are corrected for detector smearing effects and jet energy
resolution. The dominant systematic uncertainty for data
comes from the jet energy scale and ranges from 15–40%.
The theory prediction is calculated at next-to-leading-
order (NLO) by NLOJet++ [3, 4] in the fastNLO frame-
work [5]. Its dominant systematic uncertainty comes
from PDF variation and ranges from 10–50%. The mea-
sured cross section matches the theory calculation with the
NNPDF2.1 PDF set [6], as shown in Fig. 1.
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Figure 1. Double-differential inclusive jet cross section
(points) in comparison to NLO predictions (red lines) using the
NNPDF2.1 PDF set. Data points are shown for six rapidity
ranges.
Data was compared to predictions from five PDF
sets: ABM11 [7], CT10 [8], HERAPDF1.5 [9],
MSTW2008NLO [10], and NNPDF2.1. All match data
within the uncertainties except for ABM11 in certain ra-
pidity ranges. These results provide strong confirmation
for the NLOJet++ calculations and PDFs.
3 Search for Jet Extinction in the Inclusive
Jet pT Spectrum
Terascale gravity theories predict that the Planck scale
would occur at the TeV scale [11]. In this case, colli-
sions at the LHC could produce microscopic black holes.
Many such theories predict that these black holes would
decay spectacularly in a spray of high-pT jets and parti-
cles [12, 13], but LHC searches so far have found no evi-
dence for such black hole decay [14–22]. However, non-
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Figure 2. Inclusive jet pT spectrum (points) for |η| < 1.5, as ob-
served in 10.7 fb−1 of data. The SM NLO simulation, convolved
with the detector response and normalized to the total observed
cross section, is shown by the solid line. The colored band shows
the magnitude of all sources of systematic uncertainty added in
quadrature.
perturbative processes could produce black holes that de-
cay to a high multiplicity of low-energy jets [23]. Such
black hole decays might be difficult to distinguish from
the low-energy SM background, but their effect on the jet-
pT spectrum would be dramatic. At a certain energy scale,
black holes would dominate and thereby suppress the pro-
duction of high-pT jets, causing jet extinction at the high
end of the jet-pT spectrum.
CMS has performed a search for such jet extinction
with 10.7 fb−1 of the 2012 8 TeV pp dataset [24]. The
SM prediction was made at NLO with NLOJet++ in the
fastNLO framework and the CT10 PDF set and was scaled
to data. The leading-order extinction spectrum was gener-
ated with PYTHIA [25] and assumed the strong-coupling
limit of the string model, so jet extinction would occur be-
yond a scale M. The largest systematic uncertainty comes
from the jet energy scale and is about 10%. The data was
found to match the SM prediction within the uncertainties,
as seen in Figs. 2 and 3. A 95% confidence level (CL)
limit at 3.3 TeV on scale M was set with the CLS calcula-
tor, as shown in Fig. 4.
For the NLOJet++ calculator, there are a number of
PDF sets that can be employed, in addition to the CT10
PDF used for the SM estimate. The variation between PDF
sets is bracketed by the CT10 and MSWT2008 sets. Thus,
as a cross check, the MSWT2008 set was tried for the SM
estimate, and it increased the observed limit by only 10%,
thereby confirming the CT10 limit of 3.3 TeV as a conser-
vative value.
4 Search for Narrow Resonances using
the Dijet Mass Spectrum
Many new physics models predict heavy resonances that
couple to quarks and gluons and decay to dijets. Some
of these models include axigluons (A) [26, 27], color-
octet colorons (C) [28], excited quarks [29, 30], Randall-
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Figure 3. The ratio of the inclusive jet-pT spectrum to the NLO
QCD prediction convolved with the detector resolution. The col-
ored band shows the magnitude of all sources of systematic un-
certainty added in quadrature at 1σ. Dashed lines indicate the ef-
fects of extinction at three different values of the extinction scale,
M = 2, 3, and 4 TeV.
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Figure 4. The results of a CLs scan in the extinction scale,
β = M−2. The observed value of CLs as a function of β is shown
by the solid line. The observed upper limit on β is 0.091 TeV−2 at
95% CL, corresponding to a lower limit of 3.3 TeV on the extinc-
tion scale M. The dashed line indicates the expected median of
results for the background-only hypothesis. The green (dark) and
yellow (light) bands indicate the ranges that are expected to con-
tain 68% and 95% of all observed excursions of the background
from the median, respectively. The red line represents the 95%
CL.
Sundrum gravitons [31], scalar diquarks [32], string reso-
nances [33, 34], technicolor s8 resonances [35], and new
gauge bosons (W’ and Z’) [36]. CMS has performed
searches for such resonances, first with 4.0 fb−1 [37], and
then with the full 19.6 fb−1 2012 8 TeV pp dataset [38].
This search employs the wide-jet technique [39–41],
which adds close sub-leading jets to the two leading jets
in each selected event. Figure 5 shows a CMS event dis-
play of the dijet event with the highest invariant mass in
this dijet search.
The background prediction comes from a four-
parameter fit to the data. The largest systematic uncer-
tainty is the jet energy resolution uncertainty, which is
LHCP 2013
Figure 5. The event from the dijet search with the highest invariant mass: 3D view (left) and 2D view (right). The invariant mass of
the two wide jets is 5.15 TeV.
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Figure 6. Dijet mass spectrum from wide jets (points) compared
to a smooth fit (solid) and to predictions including detector sim-
ulation of QCD and signal resonances. The QCD prediction has
been normalized to the data. The error bars are statistical only.
The bin-by-bin fit residuals, (data-fit)/σdata, are shown at the bot-
tom.
10%. The data matches the background estimate with no
excess or bumps observed on the smooth background, as
shown in Fig. 6. Mass limits are set on the eight signal
models, as shown in Fig. 7, with the strongest limit being
5.1 TeV on the string resonance mass.
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Figure 7. The observed 95% CL upper limits on σ×B×A for di-
jet resonances of the type gluon-gluon, quark-gluon, and quark-
quark, compared to theoretical predictions for string resonances,
E6 diquarks, excited quarks, axigluons, colorons, s8 resonances,
new gauge bosons W′ and Z′, and RS gravitons.
5 Search for Heavy Resonances Decaying
into bb and bg Final States
As a variation on the dijet search in Sec. 4, a b-jet tag-
ging requirement can be placed on the jets in order to
reduce SM backgrounds and to make the search sensi-
tive to models that specifically produce b jets: excited b
quarks [29, 30], RS gravitons [31], and a sequential SM
Z’ [36]. CMS has performed such a search with the full
EPJ Web of Conferences
Resonance Mass (GeV)
1000 2000 3000 4000
Ta
gg
in
g 
R
a
te
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
|<1.3η ∆|<2.5, |η|
Wide Jets
CSVL
0-tag
1-tag
2-tag
CMS Simulation  = 8 TeVsGraph
b b→G 
Figure 8. Tagging rates for 0, 1, and 2 b tags as a function of
the resonance mass for the bb decay mode. The hatched regions
represent uncertainties in the tagging rates due to the variation of
the b-tag scale factors within their uncertainties.
19.6 fb−1 2012 8 TeV pp dataset [42]. Like the previous
analysis, this one uses the wide-jet technique and a back-
ground estimate from a four-parameter fit to the data.
Because the b-tagging rate drops significantly for high-
mass signal resonances, as shown in Fig. 8, the analysis is
performed in three channels: 0 b tags, 1 b tag, and 2 b tags.
The largest systematic uncertainty comes from the jet
energy resolution and is about 10%. The background esti-
mates compared to the data are shown in Fig. 9. The data
match the background estimates within the uncertainties,
and no excess is observed. The best mass limits to date are
set on the three signal models, as shown in Fig. 10, with
the strongest limit being 1.7 TeV on the Z’ mass.
6 Conclusion
The CMS Collaboration has measured the inclusive jet
cross section and performed several searches for new
physics using jets with the 2012 8 TeV pp collision dataset.
The jet cross section measurement has confirmed the
NLOJet++ calculations and PDF sets. In the searches, no
significant deviations from the SM were observed. New
limits have been set on many models, most being the best
to date on these models. These limits range up to 3.3 TeV
on the jet extinction scale, up to 5.1 TeV on dijet string
resonances, and up to 1.7 TeV on a Z’. CMS is continu-
ing its searches for new physics, and more results will be
coming out soon.
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Figure 9. Dijet mass spectra (points) in different b-tag multiplicity bins compared to a smooth fit (solid line). The bin-by-bin fit
residuals are shown at the bottom of each plot. Predictions for RS graviton, Z’, and excited b-quark signal spectra are also shown. The
vertical error bars are central intervals with correct coverage for Poisson variation, and the horizontal error bars are the bin widths.
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